Background. In patients with intracranial tumors, hypercoagulability is observed due to brain tissue and tumor cells being the source of tissue factor.
Introduction
Tissue factor is a glycoprotein located in the cell membrane of tunica media myocytes, and in the blood stream it is scarce. It acts as a cellular receptor, and its structure covers an extracellular part responsible for the creation of the complex with factor VII/VIIa activating coagulation, while the transmembrane part is responsible for stabilizing molecules, and the intracytoplasmatic part is involved in signal transmission. 1 The interaction between tissue factor and factor VIIa leads to the formation of active complex TF/VIIa. The TF/VIIa complex is the main initiator of extrinsic coagulation, which plays a crucial role in thrombin generation, and it is directly associated with thrombosis and endothelial dysfunction. 1, 2 It is believed that in patients with gliomas, TF is the key cellular trigger of the coagulation process, however TF also plays an important role in signaling. It has been shown that it induces signaling via coagulation protease-activated receptors 1 (PAR-1/thrombin receptor) and 2 (PAR-2) and, consequently, it leads to overexpression of many genes involved in the proliferative, migratory, pro-inflammatory and angiogenic phenotypes of tumor cells. 3 The natural coagulation inhibitors include tissue factor pathway inhibitor (TFPI), antithrombin, protein C and S, as well as heparan sulfate. TFPI is the main inhibitor of TF-dependent coagulation activation. It is bound with factor Xa since in this combination it inhibits complex TF/ VIIa. It is the endothelium that is the main TFPI source; 85% is bound to the endothelial cell surface and 15% is present in the blood. Eighty-five percent of TFPI circulating in the blood is inactive and connected with lipoproteins, and 15% of TFPI occurs in an active form which rapidly inhibits TF/VIIa complex. 1, 4 It has been shown that TFPI infusion suppresses thrombosis, which has been induced in experimental animals by TF or endotoxin. On the other hand, tissue factor pathway inhibitor deficiency leads to the thrombotic process. [4] [5] [6] Protein C (PC) is an important component of the inhibition system associated with endothelium. PC activation requires binding to 2 receptors present on the surface of endothelial cells; thrombomodulin and endothelial protein C receptor (EPCR). The connection of thrombin to thrombomodulin results in a loss of procoagulant thrombin properties and promotes protein C activation. This reaction is remarkably enhanced when protein C connects to receptor EPCR. 7, 8 Active protein C mainly leads to the proteolytic distribution of coagulation cofactors; factors Va and VIIIa. Factor Va increases the formation of the prothrombinase complex 10,000-fold, while factor VIIIa is an essential cofactor for the activation of factor X to Xa in the tenase complex and it enhances this reaction 200,000-fold. Thus, the breakdown of factors Va and VIIIa by active protein C results in a significant reduction of thrombin formation and coagulation suppression. 9 Studies of natural coagulation inhibitors in patients with intracranial tumors are rare, and the results are divergent. Recently, additional TFPI and protein C properties have been discovered; namely their involvement in cell proliferation and migration, as well as their participation in extracellular matrix functioning. With all that in mind, the aim of the study was to assess tissue factor (TF), tissue factor pathway inhibitor (TFPI) and protein C in the plasma and tumor tissue homogenate in patients with intracranial tumors.
Material and methods
The study group consisted of 77 patients with intracranial tumors (49 women and 28 men) aged from 26 to 73 years (mean age was 54 years). The patients received care in the Neurosurgery and Traumatology Ward of University Hospital No. 2 in Bydgoszcz, Poland. The patients underwent a surgical procedure to remove the tumor. Forty patients were over 60, while 37 were below 60. Neurological deficits were observed in 22 patients. The histological grade of tumor malignancy revealed in 34 patients was degree 1 and 2, and in 43 subjects it was degree 3 and 4. In 38 patients, a total tumor resection was made, and a subtotal resection in 39 patients. Fifty-one patients were hospitalized for less than 7 days and 26 subjects for longer in the Neurosurgery and Traumatology Ward. The control group consisted of 30 healthy volunteers (19 women and 11 men) aged 25-68 years (mean age was 51 years).
For the study, venous blood was collected from the patients before surgery and during surgery a tumor section (1 × 1 × 1 cm) was isolated, frozen and stored at -86°C until assayed within 6 months. From the healthy controls, the venous blood was collected in a fasting state after 30 min of rest between 7:00 and 9:00 a.m., and after a 12 h overnight fast.
The blood samples were immediately mixed and centrifuged at 3000 × g at +4°C for 15 min, and then the citrated plasma was frozen at -80°C (as specified by the manufacturer) until assayed within 6 months. The tumor tissue samples were homogenized with liquid nitrogen, and treated with buffer (TRIS + Triton) to obtain the extracts of tumor tissue homogenates to be centrifuged, and separated into Eppendorf tubes.
In the plasma and tumor tissue homogenates, the following parameters were determined:
1. the concentration of tissue factor antigen (TF-Ag), applying the Imubind TF ELISA method (Sekusui Diagnostics, Stamford, USA); 2. the concentration of tissue factor pathway inhibitor antigen (TFPI-Ag), using the Imubind TFPI ELISA technique (Sekusui Diagnostics, Stamford, USA);
3. the activity of protein C, with the Asserachrom Protein C ELISA technique (Diagnostica Stago S.A.S., Asnières sur Seine, France); and 4. the concentration of total protein.
The study protocol was approved by the Bioethics Committee of Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Toruń (KB/497/2012). All the participants gave their written informed consent.
Statistical analysis
The statistical analysis was performed with the use of STATISTICA v. 12.0 software (StatSoft ® , StatSoft, Inc., Tulsa, USA). The Shapiro-Wilk test was used to assess the normality of the distribution, which facilitated the use of Student's t-test for independent and dependent variables; mean (X) and standard deviations (SD) were determined for those variables. The U-Mann-Whitney ranksum test, the Kruskal-Wallis test for independent variables and the Wilcoxon test for dependent variables were used when the distribution was not normal. The parameters with values deviating from a normal distribution were described by the median (Me), lower quartile (Q1) and upper quartile (Q3). Also, the analysis of variance was applied. The p-values < 0.05 were considered significant. Table 1 shows significantly higher TF-Ag levels in the plasma of patients with intracranial tumors than in the control group (p = 0.0001). The analysis of TF-Ag concentration per mg of total protein in both groups demonstrates significantly higher TF levels in the patients than in the healthy controls (p < 0.0001). Also, TFPI-Ag level in the study group expressed per mg of protein demonstrated significantly higher values than in the control group (p < 0.0218). Protein C activity in the plasma and as converted per mg of protein were significantly higher in the patients than in the healthy individuals (p = 0.0331; p < 0.0001, respectively).
Results
Among the 77 patients with intracranial tumors, the histopathological examination demonstrated the occurrence of gliomas in 24 patients, meningiomas in 20 patients and metastatic tumors in 33 patients. The comparison of the TF-Ag and TFPI-Ag concentrations and the activity of protein C in the plasma and in tumor tissue homogenates did not show any significant tumor-specific differences. Neither did the conversion per mg of protein of TF-Ag and TFPI-Ag demonstrate any significant differences between patients with gliomas, meningiomas and tumors metastatic to the brain. However, the highest TF concentration in tumor tissue homogenates was observed in patients with meningioma. The comparison of the TF concentration in the plasma of the subjects, expressed per mg of protein, with the TF concentration in tumor tissue homogenates presented that, in the case of meningiomas, the TF concentration was 157-fold higher in tumor tissue homogenate than in the plasma The examination of the TF concentration in the blood of patients with various types of cancer (breast cancer, pancreatic cancer, colon cancer) demonstrates a high TF concentration, which was seen as the presence of thrombotic risk or even overt thrombosis. 10 Also, patients with gliomas demonstrated high TF levels, which significantly correlated with the degree of malignancy. 11 The histochemical and immunological tests of the tissue fragments derived from gliomas indicated a TF expression in tumor cells and in endothelium in new vessels created in the process of angiogenesis. 12 The present study confirms that the conversion of TF concentration per mg of protein in tumor tissue homogenate and, as compared to the plasma concentration of TF expressed per mg of protein in patients with intracranial tumors, makes us aware of the huge amount of TF present in intracranial tumor cells. It is well-known that normal brain cells contain particularly high TF, similar to lung and placenta cells. This pool is further increased in cancer cells, where microRNA of tissue factor was reported. 13 Our observation is extremely important in light of the study, indicating the importance of TF in processes other than coagulation activation. Numerous studies show that TF plays an important role in the stimulation of cellular responses, gene transcription, cell survival and changes in cytoskeleton, i.e., the processes required for cell functioning in the microenvironment. 12, 14 There are 2 known TF types: full-length TF or CD142, consisting of the extracellular, transmembrane and intracytoplasmatic parts (flTF) and, identified in 2003, alternatively spliced tissue factor (asTF). The flTF form is responsible for the activation of the coagulation process after damage to the endothelium by forming the complex with factor VII. 15 The asTF form is, according to some researchers, involved in maintaining the activation of coagulation, however through factor X activation. 16 flTF promotes the proliferation of tumor cells by the activation of PAR via flTF/VIIa complex, however asTF increases tumor cell proliferation through integrin signaling. 15, 16 The effect of both TF forms on tumor angiogenesis occurs through different mechanisms: flTF uses PAR2, while asTF uses integrin signaling. TF also assists the tumor cells in the metastasis of these cells, and the escape from the control of the host immune system via tumor microenvironment modulation. 17 The test used in our study to measure the TF concentration in the plasma allows for identifying both TF forms, fltF and asTF. The TF source in patients with intracranial tumors is not only the endothelial cells damaged by tumor cells but also the tumor cells themselves, as seen from an extremely high TF con-in those patients. It was 126-fold higher in the patients suffering from metastatic tumors, and 104-fold higher in patients with glioma. Thus, the TF concentration was relatively the highest in tissue homogenates derived from meningiomas, followed by metastatic tumors and the lowest in the extract derived from gliomas homogenates ( Table 2) . Table 3 demonstrates the TF-Ag and TFPI-Ag concentrations and protein C activity in the plasma and tumor tissue homogenates in patients with intracranial tumors depending on the histological grade of the tumor malignancy, and expressed per mg of protein in the plasma and in tumor tissue homogenates. There were no significant differences depending on the histological grade of the tumor malignancy in the selected parameters. Fig. 1 and 2 present the concentration and the activity of TFPI and protein C, respectively. The concentration and the activity of TFPI and protein C were lower in tumor tissue homogenates than in the plasma expressed per mg of protein in patients with intracranial tumors.
Discussion
This study has demonstrated a higher concentration of TF-Ag in the plasma of patients with intracranial tumors as compared to healthy individuals, which also was confirmed by the conversion of TF-Ag per mg of protein in both groups. The comparison of the concentration of TF-Ag in the plasma and in tumor tissue homogenate expressed per mg of protein indicates that the TF concentration in tumor tissue was hundreds-fold higher than in the plasma of patients with intracranial tumors. centration in tumor tissue homogenate. It is known that intracranial tumor cells produce a number of cytokines, including VEGF-A, which strongly intensifies the permeability of vascular walls, which, in turn, can disrupt the blood-brain barrier. 18 An increased TF concentration in the blood of patients with intracranial tumors may thus be associated with a disturbed function of the blood-brain barrier and the transition of TF to the blood. Studies in recent years have shown that in patients with solid and metastatic tumors, the TF sources in blood are microparticles derived from tumor cells but also from blood cells (endothelium, platelets, leukocytes). 19 Skog et al. demonstrated an increased number of microparticles in the blood of patients with gliomas, which transport RNA and protein promoting tumor growth. 20 Sartori et al. showed that the microparticles circulating in the blood transport TF derived from highly malignant glioma with a potential prothrombotic effect. 21 In the blood of patients with intracranial tumors we have recorded an elevated TFPI concentration and increased protein C activity. TFPI and protein C are connected with the endothelium surface, and their increased presence in the blood of intracranial tumor patients is an expression of the compensatory response of the body to the elevated TF concentration in the patient's blood.
The analysis of the available literature shows that an increased concentration and activity of protein C was reported in patients with nephrotic syndrome and in patients suffering from alcoholic and non-alcoholic cirrhosis. 22, 23 Agewall et al. suggested that increased protein C concentration depends on intensified protein C synthesis by the liver. 24 A high protein C concentration was also observed in patients with stroke and such a high level persisted for the following 2 months. 25 According to the authors, a high concentration of protein can be an independent positive predicting factor in patients with acute stroke.
The present observation of high protein C activity, along with a high TF concentration, in the blood of patients suffering from intracranial tumors becomes especially important in conjunction with the research performed over the recent years demonstrating the pleiotropic properties of protein C. It has been shown that active protein C inhibits apoptosis by stimulating anti-apoptotic Bcl-2 and inhibiting proteins p53 and Bax with a proapoptotic effect. Protein C is also capable of inhibiting the migration of immunological cells. These effects of protein C are intensified once it connects with receptor EPCR found on the endothelium cell surface. It has also been demonstrated that protein C stimulates angiogenesis via the endothelial nitric oxide synthase (eNOS) pathway. Protein C increases the proliferation and migration of keratinocytes by intensifying the expression and activation of extracellular matrix metalloproteinase MMP-2. 26, 27 Unlike in blood tests in intracranial tumor patients, protein C activity in tumor tissue homogenate was significantly lower. The clinical study analysis demonstrates that a decrease in the concentration and activity of protein C is essential in congenital and acquired thrombophilia. Congenital thrombophilia depends on a genetically-conditioned protein C deficiency or the presence of inactive protein. Acquired thrombophilia, however, depends on the consumption of protein C in the coagulation process in the case of the occurrence of the thrombotic process in the patient. It seems that a decrease in the activity of protein C in tumor tissue homogenates is due to the vast presence of TF in brain cells and its additional production by tumor cells. 28 In the blood of intracranial tumor patients, we have noted an increase in the TFPI concentration, as compared to healthy individuals. The applicable literature shows that an increased TFPI concentration in the blood occurs in ischemic heart disease, in patients with diabetes type 1 and 2. An elevated concentration of the whole TFPI pool was reported in patients with solid tumors (lung, colon, breast and pancreas cancer), Hodgkin's and non-Hodgkin lymphomas. 22 It is claimed that an increase in TFPI is a result of its mobilization from the vessel wall since its major source are the endothelium cells derived from microcirculation. In patients with intracranial tumors, endothelium can also be the source of TFPI, and the factor which cause TFPI release into the blood seems to be cytokines produced by tumor cells.
In the case of a high TFPI concentration in the blood, one should stress that the major TF-dependent coagulation pathway inhibitor has also other properties; it has been demonstrated that TFPI is capable of inhibiting the transmission of signals triggered by complex TF/ VIIa. 29 However, in intracranial tumor homogenates, a lowered TFPI concentration was noted. The literature analysis demonstrates that a lowered concentration of that inhibitor occurs in the active thrombotic process, in patients with a cerebro-vascular accident, as well as in patients undergoing serious operative procedures. 30 In all cases, the lowered concentration is a result of TFPI consumption in the thrombotic process. One should note that in homogenates derived from intracranial tumors, a low concentration of that inhibitor of TF-dependent activation is connected with a considerable amount of tissue factor.
A limitation of this paper is the low number of patients qualified for the study. The results must be considered preliminary. The study is still in progress and new patients are successively included to the study group.
Conclusions
The study confirmed the essential prothrombotic blood properties in patients with intracranial tumors, expressed with an elevated TF level as well as a tremendous amount of TF in tumor tissue homogenate derived from tumors. An elevated concentration of TFPI and protein C activity in the blood converted per mg of total protein should be analyzed in terms of their pleiotropic function, along with the participation in hemostasis control. It seems that the reduced protein C activity and low TFPI level are associated with the enormous TF value in tumor tissue homogenates.
